Patient-specific instrumentation (PSI) has recently been introduced to improve the alignment following total knee arthroplasty (TKA). However, controversy remains between PSI and conventional instrumentation. The aim of this study is to compare the accuracy of PSI with conventional instruments for total knee arthroplasty (TKA). A systematic literature search was performed in databases including PubMed, the Cochrane Library, EMBASE, and Web of Science. All of the available randomized, controlled trials (RCTs) or nonrandomized, controlled trials (nRCTs) comparing PSI with conventional instruments for TKA were identified. A statistical analysis was performed of this meta-analysis. Eighteen studies with 2417 patients were included in the authors' final analysis. The results of the meta-analysis demonstrated that there were no statistical differences in outliers of the mechanical axis (risk ratio [RR], 0.84; 95% confidence interval [CI], 0.61-1.11), the femoral component in the coronal (RR, 0.56; 95% CI, 0.32-1.05) and sagittal (RR, 0.83; 95% CI, 0.60-1.14) plane, the tibial component in the coronal (RR, 0.84; 95% CI, 0.52-1.35) and sagittal (RR, 1.04; 95% CI, 0.69-1.55) plane, and the femoral component rotation (RR, 1.02; 95% CI, 0.57, 1.83) between the 2 groups. In addition, subgroup analysis showed that the study design and imaging used for preoperative scanning did not affect the outcome of the alignment, but a different PSI system might. The authors' meta-analysis indicated that the accuracy of PSI was not superior to conventional instruments for patients undergoing TKA. Future RCTs should focus on functional outcomes and component survivorship with mid-to long-term follow-up. [Orthopedics. 2015; 38(4):e305-e313.] The authors are from the
T otal knee arthroplasty (TKA) is generally considered safe to alleviate pain and restore function in patients with end-stage knee arthritis. 1 The demand for TKA has increased in the past decade and is projected to double between 2005 and 2016. 2 However, it is reported that up to 19% of patients remain dissatisfied following TKA. 3 The success of TKA depends on multiple factors, including patient characteristics, limb alignment, component positioning, and soft tissue balancing. 1, 4 Longitudinal malalignment can lead to improper joint kinematics, with early loosening, uneven wear of polyethylene bearings, lower functional scores, and a higher implant failure rate. 5, 6 Computer-assisted navigation for TKA was developed in an attempt to improve the accuracy of component alignment. 7 However, it was found that all computer-navigated and robotic systems prolonged operating times, increased costs, and increased complications due to the guidance pins. 4 Recently, patientspecific instrumentation (PSI) has been introduced to achieve consistent alignment, avoid intramedullary instrumentation, and simplify operating room procedures. 8, 9 Based on a preoperative computed tomography (CT) scan or magnetic resonance imaging (MRI), PSI was introduced using 3-dimensional imaging to capture the true anatomy of an individual's knee. 10 Several studies have compared the efficacy of PSI with conventional instruments for TKA. 8, [11] [12] [13] [14] [15] [16] Noble et al 8 found that mechanical alignment was significantly closer to neutral zero in the PSI group, and the PSI group was associated with significant reductions in the duration of hospital stay, operative time, the incision length, and the number of used instrument trays. Boonen et al 11 also reported significant reductions in operating time and blood loss in the PSI group. Silva et al 17 compared the femoral and tibial components' rotational alignment in TKA performed either with conventional instrumentation or with PSI and demonstrated that PSI was superior in the dispersion around the median of the tibial component rotation, with less amplitude and less dispersion around the median. However, some studies demonstrated that no significant difference was found in mechanical alignment between groups on postoperative long alignment radiographs. [13] [14] [15] 18, 19 Whether PSI systems adequately improve the accuracy of alignment after TKA is a matter of considerable debate. The findings in literature are inconsistent, and the association between the use of PSI systems and radiographic outcomes remains unclear.
This meta-analysis of all published randomized, controlled trials (RCTs) and nonrandomized, controlled trials (nRCTs) investigated whether PSI led to superior alignment outcomes compared with the conventional technique in patients undergoing primary TKA.
Materials and Methods
The authors' meta-analysis was strictly conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement-a reporting guideline for meta-analysis of intervention trials (Figure) . 20 
Search Strategy
Searches of PubMed, the Cochrane Library, EMBASE, and Web of Science were done up to January 2014. The search terms applied were as follows: "patientspecific instrument," "patient-matched instrument," "custom-fit," "knee arthroplasty," and "knee replacement" in combination with the medical subject headings. Additional articles that were potentially missed by the search strategy were identified by a manual search of the references from the included articles, reviews, and editorials. No restrictions were made with regard to language, date, and publication status. Two authors (J.J., K.X.) indepen- dently conducted the searches and identified relevant articles. Differences were resolved by discussion with a third author (Y.X.).
Inclusion Criteria and Study Selection
Studies meeting the following criteria were included: (1) PSI was compared with conventional instrument in TKA; (2) the design of included studies were RCTs and prospective and retrospective nRCTs; and (3) postoperative alignment outcomes were reported. No restrictions were made with regard to the type of implant, the type of PSI system, or the approach used.
The main outcomes the authors' evaluated were the alignment outcomes of the mechanical axis, the femoral and tibial component alignment (including the coronal and sagittal plane), and the femoral component rotation. Usually, a range of 180°±3° varus or valgus was defined as optimal for the mechanical axis and a deviation not greater than 90°±3° was generally considered as optimal for the femoral and tibial component alignment. The number of outliers, defined as alignment greater than 3° from the desired position, was collected. Two authors independently assessed potentially relevant citations for inclusion and disagreements were resolved with a third author.
Data Extraction and Quality Assessment
For each eligible study, 2 authors independently extracted the data of included studies. The data retrieved included the following topics: participant characteristics, country where the trial was centered, number of participants allocated to each intervention group, and the PSI system used.
The quality of eligible studies were assessed using the Center for EvidenceBased Medicine, Oxford, United Kingdom, rating scale. 21 Discrepancy or uncertainty was discussed with the third author.
Statistical Analysis
The statistical analysis of this metaanalysis was performed using Review Manager version 5.2 software (The Cochrane Collaboration, Oxford, United Kingdom). Because the data in the authors' meta-analysis were all dichotomous scales of measurement, such as the number of outliers of mechanical axis alignment, the risk ratio (RR) and 95% confidence interval (CI) were used to assess the treatment. Heterogeneity among studies was assessed using the P value and the I 2 value. A P value less than .1 and an I 2 greater than 50% were considered suggestive of statistical heterogeneity, prompting use of a random effects model, otherwise a fixed effects model was used. Whenever heterogeneity was present, several subgroup or sensitivity analyses based on the study design, the imaging used for preoperative scanning, or the PSI system were performed to identify potential sources. A P value less than .05 was considered statistically significant, except where otherwise specified.
results

Search Results
The electronic searches yielded 415 potentially relevant studies. After review of the titles and removal of duplicates, 61 articles were selected for further evaluation. After application of inclusion criteria, 18 studies met the inclusion criteria. 8, [11] [12] [13] [14] [15] [16] 18, 19, [22] [23] [24] [25] [26] [27] [28] [29] [30] A total of 2471 patients were included, of which 1248 were treated with PSI and 1223 were treated with the conventional instrument. All identified studies were published in English. Seven studies were conducted in the United States, 8 
Mechanical Axis
Fifteen studies involving 2195 patients reported the outliers of a malalignment greater than 3° in the mechanical axis. 8, [11] [12] [13] [14] [15] 22, 23, [25] [26] [27] [28] [29] [30] [31] Two hundred (17.4%) outliers were in the PSI group compared to 217 (19.3%) in the conventional group. No significant difference was found between the PSI and conventional groups (RR, 0.84; 95% CI, 0.61-1.11).
Femoral Component Alignment
Ten studies involving 1191 patients defined the outlier cutoff as ±3° or more for the femoral component in the coronal plane. 8, [11] [12] [13] [14] [15] [16] 19, 23, 29 The meta-analysis revealed 33 (5.8%) outliers in the PSI group compared with 65 (10.6%) in the conventional group. No significant difference was found in the outliers rate for the femoral component in the coronal plane between the PSI and conventional groups (RR, 0.56; 95% CI, 0.32-1.05).
For outliers in the femoral component of the sagittal plane, data were available from 9 studies for 892 patients. [11] [12] [13] [14] [15] [16] 23, 29, 32 No significant difference was found in the outliers rate for the femoral component in the sagittal plane between the PSI and conventional groups (RR, 0.83; 95% CI, 0.60-1.14). The meta-analysis revealed 122 (26.6%) outliers in the PSI group compared with 145 (33.4%) in the conventional group.
Tibial Component Alignment
Tibial component alignment in the coronal plane was discussed in 8 studies. [11] [12] [13] 15, 19, 23, 29, 32 A total of 1028 patients were enrolled in this analysis, of which 492 (5.5%) were operated on using the PSI and 536 (6.0%) using conventional instrument. No statistical difference was found between the PSI and conventional groups (RR, 0.84; 95% CI, 0.52-1.35).
Sagittal tibial component alignment was reported in 9 studies. 8, 11, [13] [14] [15] [16] 23, 29, 32 Postoperative radiographs show that 102 (23.7%) patients in the PSI group had an outlier of sagittal tibial component alignment compared with 87 (21.7%) in the conventional group. No significant difference was found between the PSI and conventional groups (RR, 1.04; 95% CI, 0.69-1.55).
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Femoral Component Rotation
Only 5 studies reported outliers of the femoral component rotation. 13, 14, 16, 19, 24 The results showed that the outliers greater than 3° occurred in 45 (11.8%) patients in the PSI group vs 51 (11.7%) in the conventional group. No significant difference was found between the PSI and conventional groups (RR, 1.02; 95% CI, 0.57-1.83).
Subgroup Analysis
Subgroup analyses were undertaken to investigate the effect of the study design (RCTs vs nRCTs), the imaging used for preoperative scanning (MRI vs CT), and the PSI system type ( Table 2 .
discussion
Based on current evidence, the current meta-analysis failed to show a meaningful advantage of PSI over conventional instrumentation for TKA in the outliers of the mechanical axis, the femoral and tibial component in the coronal and sagittal planes, and the femoral component rotation. The cutoff value for outliers in this meta-analysis was 3°. Outliers of more than 3° of varus or valgus are significantly correlated with the long-term survivorship of TKA. 33, 34 Berend et al 34 showed that the relative hazard of failure through medial bone collapse after a minimum of 2 years of follow-up was 17.2 times greater in a tibial component with more than 3° of varus alignment. Other studies have shown that coronal malalignment of more than 3° can reduce TKA 10-year survival from 90% to 73%. 33, 35 Consequently, the current authors believe that pooling the number and the percentage of outliers (defined as alignment 3° from the desired position) is a method for evaluating the alignment of implants.
The most important finding of the authors' meta-analysis was that PSI did not reduce the outliers of alignment when compared with conventional instruments. These results are consistent with most recent randomized studies, 8, [12] [13] [14] [15] which showed that PSI was probably not as reliable as previously thought. Preoperative planning with CT or MRI is key to optimizing the success of the PSI procedure. However, the 10% of patients with high discrepancies between the preoperative planning and the obtained position of the implant intraoperatively remains concerning. 36 Woolson et al 37 reported that a high percentage of patients in the PSI group had deviations from the customized surgical plan because they required a femoral and/ or tibial component of a different size than planned. In addition, they also found that the surgeon's estimation of the amount of bone resection to correct a flexion contracture was more accurate than a preoperative planning protocol. 37 Moreover, surgeons' learning curve may play a role in this process because the introduction of a new implant system, lack of experience with the conventional instruments, and familiarity with the PSI technique may be enough to bias the results. 11, 15 In the PSI group, both CT and MRI could be used to manufacture the guides, and CT and MRI could be used to analyze matching between the preoperative planning and postoperative position of the implants. Analysis of femoral implant rotation following TKA using MRI was recently shown to be accurate and allow for excellent reproducibility of measurements. 38 However, White et al 39 compared the accuracy of MRI and CT scans for the manufacture of PSI for TKA and found that bone models generated from CT scans seemed to be more accurate than MRI-generated models. The authors' subgroup analysis of MRI vs CT revealed no significant differences in improving the accuracy of the alignment in PSI compared with conventional instrument using both MRI and CT-based systems.
Currently, the main PSI systems include Patient-Specific Instruments, Signature, TruMatch, and Visionaire. Different PSI systems may have different accuracies. For example, the targets of Visionaire were 4° for the femoral components and 3° for the tibial components, whereas targets for Signature were 3° for both the femoral and tibial components. The authors' subgroup analyses did not find significant differences when divided by PSI systems, except that the PatientSpecific Instruments system significantly decreased the outliers of the mechanical axis and the coronal tibial component.
Strengths and Limitations
A meta-analysis is generally considered to provide the strongest evidence of clinical interventions and has more advantages than single research studies. 40 To the authors' knowledge, this study is the most comprehensive report on the topic and pools data from 18 studies with 2471 patients to compare the use of PSI with conventional instruments in patients undergoing TKA. By including both prospective randomized studies and all others available studies, the sample size and robustness of the estimates were enhanced compared with previous reviews. It also benefits from a thorough search, and the methodological quality of each included trial was strictly assessed according to the quality guideline. In addition, this metaanalysis was conducted in accordance with the PRISMA guidelines.
Several caveats of this meta-analysis are worth discussing. First, different levels of evidence for the prospective and retrospective studies were identified and the methodological quality of the included studies varied. Only 7 randomized studies were identified. To investigate the influence of nonrandomized studies, the authors performed a subgroup analysis of study design type (RCTs vs nRCTs) and found the same results between RCTs and nRCTs; therefore, they used both studies in the meta-analysis. Second, despite the fact that all participating surgeons had prior experience with PSI, the introduction of a new implant system is a potential bias and the learning curve should be noticed. Finally, different types of patient-specific positioning guides were used in the current study and different systems used by different vendors may perform differently, which might make the results differ.
Implications for Research and Practice
First, this study focused on immediate postoperative radiographic outcomes without encompassing other important parameters, such as functional improvement and patient-reported outcomes. Therefore, future RCTs are needed to help critically evaluate whether there are any clinically important improvements in clinical outcomes or patient satisfaction when using patient-specific cutting blocks for TKA. Second, although 7 level I studies were included in the authors' analysis, the quality of the included studies was still low, and multicenter RCTs trials with larger sample sizes are needed to strengthen the authors' results. Third, different types of e309 Copyright © SLACK inCorporAted n Feature Article Table 2 The .18 31% Table 2 The patient-specific positioning guides were used in studies. Future studies should compare the efficacy of different systems. Finally, both MRI and CT-based PSI systems could be used for manufacturing the PSI guides. However, whether the accuracy of 2 different PSI systems for TKA had a similar efficacy was unknown. Future research should focus on investigating alignment with more reliable techniques (CT or MRI scans) to make sure that the surgeon can rely on the digital preoperative plan.
conclusion
The current meta-analysis demonstrated that compared with conventional instruments, PSI had comparable results in alignment errors of greater than 3° alignment of mechanical axis, femoral and tibial components in the coronal or sagittal planes, and femoral component rotation.
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